It is noted that the behavior of the intraseasonal oscillation (ISO) of the south Asian monsoon varies from year to year. An index representing seasonally averaged ISO activity is developed using outgoing longwave radiation data for the period 1975-97. Interannual variations in ISO activity are found to be related to year-toyear changes in the number of discrete events rather than to changes in the characteristic period.
Introduction
The interannual variability of the south Asian monsoon has been the subject of extensive research [for review, see Webster et al. (1998) ], particularly because of the profound social and economic consequences for the large agrarian populations of south Asia and also because of the monsoon's influence on global circulation. Consequently, seasonal prediction of the monsoon has long been a goal of forecasters. Statistical forecasts have been moderately successful (Krishna Kumar et al. 1995) , but accurate dynamical seasonal prediction has thus far proven elusive (Brankovic and Palmer 2000) .
In part, the difficulties encountered with dynamic seasonal prediction of the monsoon are caused by the complex and diverse forcings that impact seasonal monsoon strength. These forcings include the extensively studied inverse relationship with the El Niño-Southern Oscillation (ENSO ; Yasunari 1990; Webster and Yang 1992; Webster 1995; Ju and Slingo 1995; Wainer and Webster 1996) , which is complicated by interdecadal changes in the robustness of the relationship (Elliot and Angell 1988; Torrence and Webster 1999) . Indian Ocean SST anomalies may also play a role (e.g., average March-May Arabian Sea SST, Rao and Goswami 1988;  preceding fall and winter Indian Ocean SST, Harzallah and Sadourny 1997; Clark et al. 2000) . A biennial oscillation in monsoon rainfall is also a factor (Mooley and Parthasarathy 1984) and may be related to the tropospheric biennial oscillation that is found in many atmospheric variables including precipitation, surface pressure, tropospheric winds, and SST (Meehl 1987 (Meehl , 1997 or to biennial variations in Eurasian snow cover (Vernekar et al. 1995; Yang 1996) .
Another potential source of interannual fluctuations in south Asian monsoon strength is interannual changes in intraseasonal variability (Sperber et al. 2000) . A dominant characteristic of intraseasonal fluctuations during summer in the monsoon region is the active-break cycles of precipitation over south Asia that exhibit periods around 30-60 days (e.g., Yasunari 1979; Sikka and Gadgil 1980; Gadgil and Asha 1992) . The active-break cycles are linked to observed northward propagation of convection from the equatorial Indian Ocean (Lau and Chan 1986; Wang and Rui 1990; Gadgil and Asha 1992) that in turn appears to be linked to the eastward movement of convection associated with the intraseasonal or Madden-Julian oscillation (ISO; Julian and Madden 1981; Lau and Chan 1986) .
There is some evidence that interannual variations of ISO activity may influence seasonal monsoon strength. Hendon et al. (1999) found that global ISO activity during boreal winter is inversely related to Australian monsoon strength. In other words, winter seasons that are characterized by strong and numerous intraseasonal oscillations tend to correspond to seasons of reduced North Australian monsoon rainfall. However, there are significant differences between the winter and summer ISOs and the south Asian and Australian monsoons. For example, the ISO is considerably stronger and more regular during northern winter (e.g., Madden 1986; Hendon and Salby 1994) and the Australian monsoon is located closer to the equator, where the ISO is most influential, than the south Asian monsoon. A number of authors have observed year-to-year variability in the strength and character of the summertime ISO. Yasunari (1980) observed that the characteristic period of oscillation increased significantly to near 60 days during the summer of 1972, a severe drought year in India, compared to the typical 40-day period. Mehta and Krishnamurti (1988) found that certain summers exhibit regular northward propagation of convection whereas during other summers the northward propagation is irregular or absent entirely. Singh et al. (1992) found that the seasonal ISO intensity varies by half to double its average intensity. Chowdhury et al. (1988) showed, from limited data, that the interannual variability of ISO activity is related to the overall monsoon strength. Ferranti et al. (1997) , using data from five 10-yr European Centre for Medium-Range Weather Forecasts Atmospheric Model Intercomparison Project integrations, found that intraseasonal and interannual fluctuations have a common dominant mode of variability in the Asian monsoon region.
An example of year-to-year changes in ISO behavior is demonstrated in Fig. 1 , which displays daily time series of precipitation over central India for the 1987 and 1988 summers, and Fig. 2 , which shows time-latitude sections of precipitation along 75Њ-80ЊE for the same two seasons. The 1987 summer season is marked by three distinct active periods each separated by about 40 days. Comparison with the time-latitude section in Fig. 2 reveals that all three active periods over central VOLUME 14
India are associated with northward-propagating systems of precipitation. Conversely, during the 1988 summer season, no well-defined active or break periods are discernible. Instead, the precipitation time series is marked by relatively steady rainfall from one day to the next throughout the season. In particular, the 1988 summer is largely devoid of low rainfall days. Moreover, evidence of coherent northward movement of envelopes of precipitation is largely absent, excepting perhaps an event around 1-21 July. Vernekar et al. (1993) previously noted a marked difference in ISO intensity between 1987, when ISO intensity was high, and 1988, when ISO activity was virtually absent.
For the purposes of prediction, the causes behind interannual changes in ISO activity have been sought. Previous studies of interannual variations of ISO activity have searched for a relationship with ENSO. Hendon et al. (1999) and Slingo et al. (1999) found that the amplitude of wintertime ISO activity is essentially uncorrelated with tropical eastern Pacific SST anomalies or any other SST anomalies for that matter. However, there does appear to be a detectable eastward displacement of wintertime ISO activity during a warm ENSO event (Gutzler 1991; Fink and Speth 1997; Hendon et al. 1999) . The relationship between ENSO and summertime ISO activity is not as well understood, but, through experiments with a 5-level global spectral model, Krishnan and Kasture (1996) found that the northward propagation of convection is more regular, and of slower period, for warm ENSO experiments.
The purpose of this paper is to investigate the relationship between interannual variations of ISO activity and south Asian monsoon strength. The role of boundary forcings on summertime ISO activity will also be examined.
This study begins with a description of the datasets used to evaluate ISO activity, monsoon strength, and ENSO (section 2). Section 3 introduces the monsoon strength indices that are used and briefly examines the monsoon-ENSO relationship according to these indices. An objective measure of summertime ISO activity is defined in section 4. The ISO activity index is subsequently used in section 5 to explore the relationships between summertime ISO activity, ENSO, and the south Asian monsoon. Section 6 is devoted to a summary and discussion.
Data
The interannual variability of the ISO in the south Asian monsoon region is assessed here with outgoing longwave radiation (OLR) data (Liebmann and Smith 1996) . The remotely sensed OLR data are regularly utilized as a proxy for deep tropical convection and consequently as a means of investigating ISO convection. The OLR data are available on a global 2.5Њ grid from June 1974 to December 1997, except for a 10-month gap in 1978. This study analyzes data from 22 boreal summers, 1975-97, excluding 1978. OLR and the all-India rainfall index (AIRI) are used to evaluate monsoon strength (indices defined in next section). The all-India rainfall index is a weighted average of 306 well-distributed rain gauge stations across India (Parthasarathy et al. 1992 (Parthasarathy et al. , 1994 , averaged across the June-September period, and is available for the entire period considered in this study.
The state of ENSO is evaluated here using the Niño-3 SST index, which is calculated by averaging monthly Reynolds SST over the domain 5ЊS-5ЊN, 150Њ-90ЊW. Prior to 1982, monthly SST estimates are derived from reconstructed monthly mean SST that are based on in situ observations and are interpolated with EOFs. In subsequent years, weekly SST analyses are based on an optimum interpolation of in situ and satellite observations (Reynolds and Smith 1994) .
A primary limitation of this study is the relatively short record length employed. This limitation is not easily overcome for diagnostic studies of ISO interannual variability as the 22-yr record of OLR is the best and longest dataset available for the purpose of evaluating ISO activity. Theoretically, the 40-yr National Centers for Environmental Prediction-National Center of Atmospheric Research (NCEP-NCAR) reanalysis dataset could also be used to examine interannual changes in ISO activity. To this point, however, the quality of the NCEP-NCAR data prior to the common availability of satellite wind information in the late 1970s is unclear. The lack of satellite information is particularly harmful to the reanalysis in data-sparse regions such as the Indian Ocean basin. Consequently, we only use the 22-yr OLR dataset in this study and rely upon significance tests to evaluate our results. Making use of the twotailed Student's t test, the minimum significant correlation coefficients between two time series with 22 degrees of freedom (dof; one for each season) are 0.28, 0.36, and 0.49 for the 90%, 95%, and 99% confidence levels.
Monsoon indices and review of monsoon-ENSO relationship a. Monsoon indices
The choice of an appropriate index that faithfully represents the south Asian summer monsoon interannual variability has been a contentious issue in recent years (Webster and Yang 1992; Goswami et al. 1999; Wang and Fan 1999) . A myriad of dynamic and convective indices have been derived each of which containing its own merits and applications. Much of the controversy has revolved around the definition of an appropriate dynamical index. Since we are interested primarily in the interannual variability of rainfall in the south Asian monsoon region and its relationship to interannual changes in ISO activity we will avoid the more contro- versial dynamic indices and rely upon the somewhat less controversial convective indices. The AIRI is commonly used to evaluate variability of the Indian monsoon. Goswami et al. (1999) show that the extended Indian monsoon rainfall (EIMR) index, which is the seasonally averaged precipitation (monthly analyses; Xie and Arkin 1996) for both the Indian subcontinent and the Bay of Bengal (10Њ-30ЊN, 70Њ-110ЊE), is a good measure of the total south Asian monsoon rainfall. Wang and Fan (1999) suggest a convective index (CI) that is based on OLR in the region 10Њ-25ЊN, 70Њ-100ЊE that also is meant to reflect the seasonal precipitation in the south Asian monsoon region. Over the period 1979-97, the EIMR and the CI indices correlate reasonably well at approximately Ϫ0.75. Recall that low OLR values correspond to areas of deep convection and precipitation; therefore, a strongly negative correlation between the AIRI and OLR indicates agreement. Here, we use the CI index since the available record is a few years longer than that for the EIMR index. Figure 3 shows the regression of seasonal mean OLR at all grid points in the Indian Ocean basin onto the AIRI. High anticorrelations and low regressed OLR values are seen across India and the Arabian Sea and even over portions of East Africa (for discussion on relationship between AIRI and East African rainfall, see Camberlin 1997) . However, the relationship between the AIRI and the seasonal mean OLR over the Bay of Bengal is minimal suggesting that precipitation over India varies somewhat independently from precipitation over the Bay of Bengal. While the reasons behind such independent variability is not clear, the regression results, nonetheless, highlight the importance of considering the interannual variability of the two regions both independently and as a unit. Consequently, we will also make use of two regionally based OLR indices, OLR IM (Indian monsoon), which is the seasonal mean OLR averaged only over Indian landmass grid points and OLR BB (Bay of Bengal), which is the seasonal mean OLR averaged only over Bay of Bengal grid points. For the sake of uniformity, we will refer to the CI as OLR SAM (south Asian monsoon). The interannual relationships between the monsoon indices are summarized in Table 1 , which lists the correlations among all the indices. As anticipated by the regression results shown in Fig. 3 , the AIRI does not correlate well with OLR BB but does correlate well with OLR IM . The average correlation between OLR BB and OLR IM supports the above observation that these two regions of the south Asian monsoon vary somewhat independently although clearly they are not fully independent.
b. Monsoon-ENSO relationship
Over the 22 yr considered in this study, the simultaneous correlations between June-September (JJAS) Niño-3 SST and the AIRI, OLR SAM , OLR IM , and OLR BB are Ϫ0.32, 0.18, 0.44, and 0.02, respectively (see Table  2 ). Correlations are slightly greater if the subsequent DJF Niño-3 SST is used to represent ENSO (the stronger correlations are due to wintertime peak in evolution of ENSO events; Torrence and Webster 1999) . Over the entire record dating back to 1871 the correlation between ENSO and the AIRI is Ϫ0.65 (Torrence and Webster 1998) although the robustness of the relationship seems to change on decadal timescales (Torrence and Webster 1999) . The relatively weak correlations over the 22-yr record considered here may reflect recent observations that the monsoon-ENSO relationship is entering a weak phase (Goswami et al. 1999; Kumar et al. 1999) . For example, despite the near-record strength of the 1997 El Niño, the Indian monsoon rainfall was close to normal (Webster and Palmer 1997) . Hendon et al. (1999) developed a number of techniques to objectively evaluate and isolate boreal winter ISO activity. The first method is based on an empirical orthogonal function (EOF) analysis of intraseasonally filtered OLR (complete OLR dataset bandpass filtered with a Lanczos filter using 121 weights and retaining periods 25-80 days, OLR ). Here, EOFs are calculated using an extended summer period (May-October) and on a limited domain that encompasses the south Asian monsoon region including the area of maximum summertime tropical Eastern Hemisphere OLR 25-80 variance (20ЊS-30ЊN, 40Њ-180ЊE, see Fig. 4 ). The leading two EOFs, shown in Fig. 5a , are not separable according to the criteria suggested by North et al. (1982) and explain about 16% (8.8% and 7.1%) of the intraseasonal (25-80 day) variance within this domain. The two modes closely resemble the leading two OLR EOFs found by Lau and Chan (1986) for the 1975-82 summers. The maximum correlation between the two principal component time series is 0.66 at a 9-10-day lag (Fig. 5b) indicating an oscillation period of around 36-40 days. Together, the leading two EOFs describe a propagating mode that captures the low-frequency convective signature that is unique to the northern summer ISO (Lau and Chan 1986; Wang and Rui 1990) including northward and eastward movement of convection from the central equatorial Indian Ocean. OLR reconstructed from the leading two EOFs will be referred to as OLR EOF .
Measure of boreal summer ISO activity
A second method of isolating wintertime ISO activity described by Hendon et al. (1999) involves filtering the OLR data with a wavenumber-frequency filter retaining periods between 25 and 80 days and eastward wavenumbers 1-3. This method is also effective during summer since wavenumber-frequency spectral calculations show that OLR variance is concentrated at periods between 25 and 80 days and eastward wavenumbers 1-3 at both equatorial and Indian subcontinent latitudes during the summer season (not shown). A primary advantage of this method is that it has the ability to capture interannual geographic displacements of variance whereas the EOF method does not. However, it was found that the geographic displacement of ISO activity is minimal from summer to summer and that the ISO activity index derived from wavenumber-frequency filtered data did not differ significantly from the index derived from OLR EOF (interannual correlation between the two indices equals 0.85). Therefore, for the sake of brevity we will present only the results using the EOF method although all the calculations were tested with both ISO activity indices yielding both qualitatively and quantitatively similar results.
To evaluate both the seasonal mean and intraseasonal evolution of ISO activity, the variance of the reconstructed OLR EOF data is assessed using wavelet analysis (for details on wavelet analysis, see Torrence and Compo 1998) . At each grid point within the south Asian monsoon region (10Њ-25ЊN, 70Њ-100ЊE, total of 91 grid points) and for each extended summer season, the wavelet variance spectrum is calculated from 184-day (MayOctober) OLR EOF time series using a Morlet wavelet basis. The 2002 (91 grid points ϫ 22 seasons) individual wavelet variance spectra are averaged to produce the composite spectrum shown in Fig. 6 .
The composite wavelet variance spectrum (Fig. 6a ) exhibits maximum variance in early June at periods just under 40 days. The mean oscillation period slowly increases from near 37 days at the beginning of the monsoon season to around 46 days by the end of the season. Figure 6b shows the mean frequency spectrum that is generated by averaging the wavelet variance spectrum over the June-September period only. The composite variance time series (Fig. 6c) is derived by computing a weighted average across the individual scales of the total wavelet variance spectrum. The use of wavelet derived variance is chosen in lieu of squared-bandpass variance because, for a wavelet-derived variance estimate, short timescale fluctuations are analyzed with a short window and long timescale fluctuations are analyzed with a long window thus providing a more accurate estimate of the total variance within a period band. The composite variance time series reflects the visible characteristics of the total wavelet spectrum with the highest variance encountered at the beginning of the monsoon season followed by steady mean variance through the rest of the monsoon season before a significant drop in ISO variance during October. The rise in mean ISO variance in May and the fall in mean ISO variance during October reflects the seasonal cycle of the regional influence of the ISO. During the remainder of the year, intraseasonal OLR variance is substantially reduced at Indian subcontinent latitudes as the ISO is located primarily along and to the south of the equator (Madden 1986; Hendon and Salby 1994) .
Last, an index that captures the year-to-year variations of summertime ISO activity in the south Asian monsoon region is determined by averaging an individual season's VOLUME 14 OLR EOF In the previous section, we found that seasonal mean rainfall over the Indian subcontinent is not strongly correlated to that over the Bay of Bengal. In a similar manner, we split the ISO activity index into a land and an ocean component. Over the 22 seasons examined here, the two components correlate at a level of 0.96, indicating that seasonal changes in ISO activity occur relatively uniformly across the south Asian monsoon region.
Interannual variations of ISO activity a. Changes in ISO characteristics
The magnitude of the ISO activity measure is directly related to the amplitude of the OLR EOF oscillations. Larger-amplitude oscillations lead to more distinct active and break episodes of rainfall. Active and break episodes can be defined, relative to the central south Asian monsoon region, as minimums and maximums of [ Fig. 7 ), and therefore a characteristic ISO period can be readily identified, the characteristic period range is limited to between 34 and 45 days.
b. Relation to interannual south Asian monsoon variability
With suitable indices defined for both the seasonal ISO activity and seasonal monsoon strength, it is possible to investigate the relationship between interannual variations of ISO activity and interannual fluctuations of the monsoon. Figure 8 is (Hendon et al. 1999) . Fig. 6 but composite of (top) five wettest Indian monsoon years (1975, 1980, 1983, 1988, 1990 ) and (bottom) five driest Indian monsoon years (1976, 1979, 1982, 1986, 1987) . The inverse relationship between Indian monsoon strength and ISO activity is examined further by compositing the mean OLR EOF wavelet spectra for wet and dry monsoon seasons. The composite wavelet spectrum of the five wettest Indian monsoon seasons (1975, 1980, 1983, 1988, 1990 ) is shown in Fig. 9 (top panels). The ISO variance is below normal throughout the season although more so at the beginning of the season. There is a slight indication that the period of oscillation is reduced to near 33 days during wet monsoons, but, as noted previously, the flatness of the frequency spectrum when the average variance is low precludes one from making a definitive statement about the oscillation period. Out of the five wet monsoon seasons composited, two are also classified as cool JJAS Niño-3 SST years. A separate composite (not shown), consisting solely of the three wettest monsoon years that are not also cool JJAS Niño-3 SST years, exhibits the same general characteristics as that shown in Fig. 9 .
The composite OLR EOF wavelet spectrum of the five driest monsoon seasons (1976, 1979, 1982, 1986, 1987) is shown in Fig. 9 (bottom panels) . The variance is above normal at all times and scales. Once again, of the five driest monsoon seasons composited, two are also classified as warm JJAS Niño-3 SST years. The composite wavelet spectrum of the remaining three dry monsoon years (not shown) is largely similar except that the late monsoon season variance is substantially stronger VOLUME 14 Fig. 6 but composite of (top) four warmest JJAS Niño-3 SST years (1982, 1983, 1987, 1997) and (bottom) four coolest JJAS Niño-3 SST years (1975 , 1981 , 1985 . Dashed lines show mean variance from all-years composite.
than the composite values seen in Fig. 9 , while the early season variance is closer to normal levels.
c. Relation to interannual SST variability

1) ENSO
Because of the established inverse relationship between ENSO and the south Asian monsoon, it is important to examine the associations between ISO activity and ENSO to assess whether or not, for example, increased ISO activity during a weak Indian monsoon is simply a result of an enhancement of ISO activity induced by warm eastern tropical Pacific Ocean SST anomalies. The simultaneous correlation between JJAS Niño-3 SST and [ ] is only weakly positive at 2 OLR EOF 0.16. This result is consistent with the results of Hendon et al. (1999) who found that wintertime ISO activity is essentially uncorrelated with DJF Niño-3 SST, although they noted that significant reductions in wintertime ISO activity were observed during the two strongest recent ENSO events (1982/83, 1997/98) . Of the four warmest JJAS Niño-3 SST years included in this study, two exhibit above-normal [ ] levels (1982, 1987) (1981) . This breakdown emphasizes the result that ISO activity is not clearly linked to ENSO phase with aboveor below-normal ISO activity nearly equally probable during either warm or cool JJAS Niño-3 SST years.
Composites of the OLR EOF wavelet spectra for the four warmest and four coolest JJAS Niño-3 SST years are shown in Fig. 10 . For the warm JJAS Niño-3 SST composite (top panels), the OLR EOF variance tends to be above normal at the beginning of the monsoon season in May-July and below normal for the remainder of the season such that the total summertime variance is near normal. For the cool JJAS Niño-3 SST composite (bottom panels) the early part of the monsoon season is characterized by weaker-than-normal ISO activity while the remainder of the season exhibits near-normal ISO activity. It is important to note that the composites shown in Fig. 10 include only four seasons each; consequently, these results must solely be considered indicative rather than definitive. Nevertheless, the modest positive correlation between mean seasonal ISO activity and ENSO appears due to changes in early monsoon season ISO activity associated with the state of ENSO. Correlations between JJAS Niño-3 SST and ISO activity are 0.38 for the first two months of the monsoon season and only Ϫ0.03 for the latter two months of the season.
The mean frequency spectra of the OLR EOF wavelet spectra composites for warm and cool JJAS Niño-3 SST are shown in Fig. 10b . No distinguishable shift in ISO period can be discerned during either ENSO phase. The lack of an observed period shift associated with the phase of ENSO runs counter to the model results of Krishnan and Kasture (1996) , in which they found that warm ENSO years are characterized by slower oscillations. However, Krishnan and Kasture also found that warm ENSO seasons exhibit more regular ISO behavior, a result that is weakly supported by the analysis completed here.
To summarize the preceding analysis, the phase of ENSO during northern summer does not appear to strongly impact the amplitude or location of seasonally averaged summertime ISO activity. However, at the beginning of the monsoon season ISO activity may be influenced by the phase of ENSO with moderately enhanced ISO activity observed during the warm ENSO phase and vice versa, a relationship that could be a factor in terms of predicting the monsoon onset. Confidence in the robustness of the subtle intraseasonal changes in ISO activity during warm or cool ENSO years is low because of the small number of warm and cool ENSO seasons included in this study, but it may warrant further examination particularly because of the importance of the timing of the monsoon onset for agriculture and water management in south Asia.
2) OTHER SST VARIABILITY
To explore the possible role of SST anomalies other than those associated with ENSO the global summertime mean SST is regressed onto the [ ] index 2 OLR EOF (Fig. 11 ). The regression map shows that there is virtually no coincident relationship between any tropical SST anomalies and summertime ISO activity. It is also possible that ISO activity is impacted by lead SST anomalies. We completed similar regressions to those shown in Fig. 11 for leads up to one year and did not find any notable lag-lead relationships between SST anomalies and summertime ISO activity. Hence, the importance of SST boundary forcing on the level of ISO activity seems to be minimal although it remains possible that small interannual changes in SST generate large year-to-year changes in ISO activity in a nonlinear manner.
3) ISO ACTIVITY, INDIAN MONSOON, AND ENSO
The results discussed above suggest that both the level of ISO activity and the state of ENSO bear some relationship to Indian monsoon strength and furthermore that ISO activity is not highly dependent on the state of ENSO. Figures 12a and 12b OLR EOF Niño-3 SST, respectively. OLR that is linearly dependent on JJAS Niño-3 SST is removed prior to forming the regression in Fig. 12a . In a similar manner, OLR that is linearly dependent on [ ] is removed prior 2 OLR EOF to forming the regression of mean OLR onto JJAS Niño-3 SST shown in Fig. 12b . The anomaly patterns in Fig.  12b resemble the classic large-scale anomaly patterns associated with ENSO including enhanced convection over the eastern Pacific Ocean and reduced convection over Indonesia, equatorial Africa, and peninsular India (e.g., Kiladis and Diaz 1989 
Discussion and conclusions
An objective index that captures the interannual variability of summertime ISO activity over south Asia is developed. The index is based on extraction of the summertime ISO signal in the first two inseparable EOF modes of intraseasonally filtered OLR. Summertime ISO activity is inversely correlated, at approximately Ϫ0.45 to Ϫ0.56, with Indian monsoon strength (see Table 3 ). The inverse correlation with Bay of Bengal convection is much weaker (Ϫ0.17), thereby reducing the correlation with the total south Asian monsoon convection (Ϫ0.30). The reason why ISO activity is inversely correlated with convection over land but not over the ocean is unclear although it may have some bearing on the somewhat independent interannual variability of convection in these two regions of the south Asian monsoon. Singh et al. (1992) , who examined ISO activity by analyzing 80 years of daily station rainfall data, conclude that there is no relationship between ISO activity and seasonal mean Indian monsoon rainfall, a result that contradicts the findings of this study. It is possible that the apparent contradiction between our results and those of Singh et al. may be due to decadal-timescale changes VOLUME 14 in ISO activity. Slingo et al. (1999) found evidence that global ISO activity was markedly reduced in the period 1958-76 as compared with recent years (although it remains unclear whether their result is an artifact of the NCEP-NCAR reanalysis). A significant reduction in the level of global ISO activity would contribute to lower correlations between ISO activity and Indian monsoon rainfall during those periods. The total explained variance of the summer mean rainfall over India by interannual variations of ISO activity is modest (25%). Nevertheless, the variance explained is of comparable or greater magnitude to that explained by ENSO (at least during the period 1975-97), which is generally considered an important factor for Indian monsoon variability. Since the correlations between ISO activity and JJAS Niño-3 SST, or any global SST anomalies for that matter, are small, the relationship between ISO activity and Indian monsoon strength is largely independent of the relationship between ENSO phase and Indian monsoon strength.
In the case of the ENSO-monsoon relationship, the separation between cause and effect is not clear; that is, ENSO may drive variations in the monsoon or the monsoon may be a factor in the evolution of ENSO (Webster and Yang 1992) . Similarly, it is difficult to separate whether changes in ISO activity force changes in monsoon strength or vice versa. The lack of any clear relationship between ISO activity and global SST anomalies implies that interannual variability of ISO activity is either internally generated or is forced by land surface boundary conditions. Hendon et al. (1999) argue that a weak Australian monsoon could enhance wintertime ISO activity by shifting the mean convection distribution closer to the equator, which presumably is a more favorable condition for ISO formation (e.g., Wang and Li 1994; Salby et al. 1994) . In that scenario, variations in monsoon strength force variations in ISO activity. This could occur during summer with a weak continental south Asian monsoon permitting stronger ISO activity. However, there is a problem with this theory. The deepest off-equatorial monsoon convection lies over the Bay of Bengal where interannual changes in mean convec-L A W R E N C E A N D W E B S T E R tion are relatively unresponsive to interannual shifts in ISO activity (correlation of Ϫ0.18). The low correlation says that some seasons characterized by strong off-equatorial ISO activity are also characterized by deep offequatorial convection that, according to the theory of Hendon et al., would inhibit ISO activity. The lack of a clear boundary condition that is associated with changes in ISO activity suggests that the variations may be internally and chaotically generated or are due to an as yet unidentified boundary condition. Since the ISO is at least quasiperiodic, it is possible that ISO activity exhibits some persistence across seasons; that is, years exhibiting strong wintertime and springtime ISO activity may be followed by strong summertime ISO activity. Correlations between wintertime and springtime ISO activity indices, derived in a similar manner to that described by Hendon et al. (1999) , and our summertime ISO activity index are small, which indicates that there is not a great degree of persistence in ISO activity from season to season. Whether interannual monsoon variability forces interannual fluctuations of ISO activity or vice versa, the relatively strong inverse correlation between the two phenomena has implications for forecasting. A dynamic model that cannot generate an accurate representation of the ISO will likely have a difficult time accurately predicting Indian monsoon strength, particularly during weak monsoons when ISO activity is often strong.
An inconclusive result of this study that is worthy of further attention is the seasonal evolution of summertime ISO activity. According to Fig. 6 , ISO activity is strongest at the beginning of summer before it tails off over the course of the monsoon season. Additionally, there is limited evidence that the phase of ENSO affects ISO activity in June and July but not during the rest of the season. Furthermore, dry monsoon seasons that are not also warm ENSO seasons tend to exhibit substantially greater than normal ISO activity during the latter half of the monsoon season. The causes and implications of such intraseasonal variations in ISO activity are not clear and warrant further investigation.
